Summary
Background: Non-cardiac chest pain (NCCP) is recurrent angina pectoris-like pain without evidence of coronary heart disease in conventional diagnostic evaluation. The prevalence of NCCP is up to 70% and may be detected (in this order) at all levels of the medical health care system (general practitioner, emergency department, chest pain unit, coronary care). Reduction of quality of life due to NCCP is comparable, and partially even higher, to that caused by cardiac chest pain. Reasons for psychological strain are symptom recurrence in approximately 50%, nonspecific diagnosis with resulting uncertainty, and insufficient integration of other medical disciplines in the diagnostic workup. Methods and Results: The management of patients with chest pain has to be multidisciplinary because non-cardiac causes may be frequently encountered. Especially gastroenterological expertise is required since the cause of chest pain is gastroesophageal reflux disease (GERD) in 50-60%, hypercontractile esophageal motility disorders with nutcracker/jackhammer esophagus or diffuse esophageal spasm or achalasia in 15-18%, and other esophageal alterations (e.g., infectious esophageal inflammation, drug-induced ulcers, rings, webs, eosinophilic esophagitis) in 32-35%. Conclusion: This review highlights the importance of regular interdisciplinary ward rounds and management of chest pain units.
North Rhine Westphalia, North Rhine region) [15] for the years 2011-2013. Here, approximately 30% of the coronary catheter investigations revealed a diagnosis of 'exclusion of coronary heart disease' or found coronary heart disease with stenosis of the coronary lumen below 50%.
Quality of Life and Socioeconomic Burden
Patients with NCCP cause a significant socioeconomic burden, because quality of life is reduced to a similar magnitude, or even higher in certain quality of life parameters, compared to patients with cardiac chest pain (CCP) [16] . This leads to frequent doctor's visits and significant direct and indirect costs to the health insurance system [17, 18] . 80% of patients with NCCP visit their GP more than once for their complaint, and 30-60% experience interruptions in their professional activities or require sick leave. According to a large study in Germany [19] , reasons for psychological strain are persistence of symptoms in 50% of cases with inadequate medical care, uncertainty regarding the origin of the pain, and insufficient integration of medical disciplines other than cardiology to clarify NCCP in 10% of cases. Even after exclusion of cardiac reasons for the chest pain, patients with NCCP very often retain the stigma of an undetected cardiologic disorder [20] . This discrepancy is pronounced by inadequate interdisciplinary cooperation and insufficient referral to the other medical disciplines. This is evidenced by the fact that only half of the patients with NCCP will be referred to other medical disciplines after exclusion of cardiac causes [21] . In line with this, patients with NCCP and underlying psychogenic causes show frequent doctor's visits but are rarely referred to a psychologist [19] .
Patient Characteristics
Several studies have shown that patients with NCCP show certain specific characteristics. For example, NCCP patients visiting a doctor have more complaints, develop a greater magnitude of social detraction, and suffer more from gastroesophageal reflux disease (GERD) compared to NCCP patients not visiting a doctor [12, 22] . This finding was confirmed by other studies indicating more frequent gastrointestinal complaints in NCCP patients such as sore throat, dysphagia, and regurgitation [12, 18] . However, patients with NCCP are not generally different to patients with cardiac chest pain (CCP) with regard to demography and long-term follow-up [8, 12, 23, 24] . Risk factors for NCCP are overweight (odds ratio (OR) 3.0, 95% confidence interval (CI) 1.64-5.50), reflux (OR 2.8, 95% CI 1.73-4.32), smoking (OR 2.0, 95% CI 1.27-3.18), aspirin (OR 1.5, 95% CI 1.00-2.31), non-steroidal anti-inflammatory drugs (OR 2.0, 95% CI 1.27-3.16), neuroticism (OR 1.14, 95% CI 1.08-1.21), and anxiety (OR 1.12, 95% CI 1.08-1.17) [24] [25] [26] . NCCP is found in all age groups, but the prevalence decreases with age. There is no gender difference [8, 12, 18] . The clinical management of NCCP is ambiguous because no clinically significant characteristics, such as location or quality of pain or response to nitroglycerine, exist to differentiate between NCCP and CCP. In addition, transmission of pain and associated symptoms show low sensitivity and specificity [18, [27] [28] [29] . One cause of this dilemma is that sensory stimulation of the heart and adjacent organs, e.g., the esophagus, is transferred via overlapping sensory pathways to the brain. In this context, the esophagus is an important sensory organ, because 90% of the vagal fibers are afferent, mediating chemical (e.g., gastroesophageal) reflux and mechanical (e.g., motility disorders) stimulation to the brain. These characteristics imply that the diagnosis of NCCP can be confirmed only after exclusion of CCP.
Disorders Leading to NCCP
Many disorders may lead to NCCP [1, 30] (table 1) . Among these, musculoskeletal (36-49%), gastrointestinal (2-19%), psychiatric (5-11%), and pulmonary or mediastinal (3-6%) causes are detected [8, 9, 19] . However, especially gastroenterological expertise is required in the differential diagnosis of NCCP, because gastrointestinal diseases are frequently found in NCCP. For example, gastroesophageal reflux disease is present in 50-60%, esophageal motility disorders in 15-18% (including diffuse esophageal spasm, nutcracker esophagus, and achalasia), and abnormalities suspicious for being of esophageal origin in 32-35% of NCCP cases [31] (table 1, fig. 1 ). It is worth mentioning that drug-induced esophageal mucosal lesions may be a cause of NCCP, especially in elderly patients. Risk factors are intake of pills just before bedtime and with insufficient amounts of fluid as well as infectious esophageal mucosal inflammation. Especially esophageal webs or rings leading to NCCP, dysphagia, bolus obstruction, or regurgitation are frequently overlooked ( fig. 2 ). In addition, esophageal esophagitis is increasingly detected in NCCP ( fig. 3) . Therefore, esophageal biopsies should be taken routinely during upper gastrointestinal endoscopy. Table 1 illustrates the esophageal differential diagnoses that may cause NCCP. Among these, gastroesophageal reflux plays a predominant role, because 50-60% of patients with NCCP suffer from elevated gastroesophageal reflux. Therefore, after exclusion of alarm symptoms, therapy with proton pump inhibitors (PPI) on a trial basis is recommended [31] . However, in the case of insufficient efficacy or in the presence of associated symptoms such as dysphagia, an endoscopic evaluation is mandatory. It is recommended that during esophagogastroduodenoscopy (EGD), esophageal mucosal biopsies should be taken to detect and confirm eosinophilic, viral, or mycotic esophagitis. It is essential to carefully inspect the whole esophagus to detect reflux esophagitis, Barrett's esophagus, Schatzki ring, webs, or heterotopic gastric mucosa. Mucosal erosions or ulcers within the tubular esophagus proximal to the gastroesophageal junction are always suspicious for druginduced mucosal damage. In contrast, Mallory-Weiss syndrome and Boerhaave syndrome may be detected easily by their characteristic clinical development. EGD is also helpful to detect gastrointestinal diseases outside of the esophagus, such as gastroduodenal ulcer, pancreatitis, biliary colic pain, or cholangitis. Figure 4 shows a diagnostic algorithm that is practicable for clinical use. After exclusion of differential diagnoses by EGD and ineffective PPI therapy (table 1) , esophageal function tests are mandatory to further elucidate the cause of the chest pain. In this context, 24 h combined pH-metry/impedance is the gold standard to detect acid and non-acid reflux or non-response to PPI therapy. In addition, high-resolution manometry is gold standard for the detection of esophageal motility disorders which are differentiated by the Chicago classification [32] [33] [34] .
Esophageal Differential Diagnoses -Diagnostic and Therapeutic Algorithms

Multidisciplinary Approach in Diagnosis and Therapy
Multidisciplinary cooperation between the different disciplines is essential in the diagnosis and therapy of NCCP. In this context, it is worth mentioning that the CPUs in Germany provide defined structure and process guidelines for the acute diagnosis and therapeutic management of patients with CCP and are partly integrated within an operational rescue service. However, a structured workup after exclusion of CCP is still missing. This is significant, because NCCP is frequently found in CPUs. Regular common rounds with participation of different disciplines could solve this dilemma. Table 2 and figure 4 illustrate a diagnostic and therapeutic workup from the gastroenterologist's point of view [35] . This includes treatment with PPI (PPI test); however, one should be aware that the PPI test encompasses only acid reflux, limiting its diagnostic value. In addition, it is recommended that in NCCP, esophageal biopsies should be taken routinely during EGD to detect eosinophilic esophagitis. In individual cases, further differential gastroenterological diagnostic workup through endoscopy, radiology, 24-h pH-metry/impedance, or high-resolution esophageal manometry is mandatory.
Disclosure Statement
The author of this manuscript has no conflict of interest. Fig. 4 . Diagnostic algorithm for the diagnosis of non-cardiac chest pain (NCCP) from the gastroenterological point of view (modified from [35] ).
